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Ligand Redox Non-Innocence in Transition Metal -Alkynyl and Related Complexes 
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Abstract: Transition metal -alkynyl complexes are valuable functional materials that have found 
application as structural units in the assembly of polymetallic arrays and large molecular structures, 
reagents for the transfer, oligomerisation, or functionalisation of alkynes, magnetic or optical 
materials and putative components for use in a future molecular-based electronics platform. Many 
-alkynyl complexes are redox active, undergoing facile oxidation (reduction) at moderate 
potentials to generate radical cations (anions) in which the charge and spin density can be tuned 
from being largely metal-centred to alkynyl-ligand centred by variation in the nature of the metal, 
supporting ligands and alkynyl substituents. This review summarises the diverse chemical 
behaviour of metal-supported -alkynyl radicals, and some selected closely related systems, which 
can often be rationalised in terms of the distribution of electron spin density over the metal-alkynyl 
scaffold.  
 
Introduction 
Redox reactions of 18-electron organometallic complexes are often described in terms of formal 
metal electron counts, with one-electron oxidation or reduction leading to 17- or 19-electron radical 
species, respectively. In addition, many common reaction mechanisms (e.g. oxidative addition, 
reductive elimination) are described in terms of formal two-electron redox state changes at a metal 
centre. The capacity for metal complexes to accommodate such a variable number of electrons has 
led to interest in these systems as electron reservoirs,
[1][2]
 mono-or multi-electron redox 
reagents,
[3][4]
 and accounts for the wide-spread application of metal complexes in the catalytic 
transformations of organic substrates via oxidative or reductive coupling processes.
[5]-[7]
 
Electrochemical activation of metal complexes to promote chemical reactions are also know, but 
less widely employed as tools in synthetic chemistry.
[8]
 However, descriptions of redox reactions in 
terms of change in population of metal-centred orbitals are now recognised as being overly 
simplistic, particularly for those complexes featuring -donor or acceptor ligands wherein the 
frontier orbitals that support the unpaired electron have appreciable metal-ligand to ligand 
character.
[9]
 Thus, in the broadest possible terms, the redox chemistry of transition metal 
(organometallic) -alkynyl systems {LnM}–CCR can be interpreted in terms of either changes in 
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the metal oxidation state, or the redox ligand non-innocence of the alkynyl ligand (Figure 1). Of 
course, these descriptions of metal vs. ligand redox character are those of the extremes, and in 
reality many systems occupy positions across the middle ground of this continuum of electronic 
structures with electron spin density being distributed to varying degrees over the metal and alkynyl 
moiety. Even within a family of closely structurally related complexes, the relative metal vs. 
alkynyl ligand contributions to the stabilisation of the unpaired electron can be tuned by substituent 
effects, R,
[10]-[18]
 as well as the symmetry of the metal d-orbitals imposed by the supporting ligands, 
Ln,
[19]-[21]
 and the number of electrons available.
[22][23]
 
 
 
Figure 1. Schematic depiction of potential reactions resulting from redox reactions of transition metal -alkynyl 
complexes. 
In general, the descriptions of the radical products formed from redox reactions of closed-shell 
precursors requires an additional degree of care, as the effects of structural reorganisation (e.g. 
change in ligand hapticity or other variation in ligand bonding mode) and electronic relaxation in 
response to a change in the oxidation state of the molecule can lead to re-ordering of the critical 
molecular orbitals in the frontier region before and after electron transfer. The strong M–C -bond 
usually prevents significant redox-induced structural re-arrangement and orbital re-ordering, which 
makes comparisons of electronic structure between the closed and open shell forms relatively 
simple and aids rationalisation of the redox-induced chemical transformations of -alkynyl 
complexes that form the subject of this review. However, examples of orbital re-organisation 
following oxidation are known for -alkynyl complexes, and therefore it is prudent to explicitly 
consider the electronic structure of both partners in a redox pair before describing a redox reaction 
in terms of metal- or ligand-centred processes.
[24]
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Previous reviews have addressed various aspects of the redox chemistry of organometallic 
complexes,
[25]
 including the electronic structures and chemical reactions of 17-electron, metal 
centred radicals,
[26]
 the ligand centred reactions of organometallic radicals
[27]-[29]
 including the 
reduction chemistry of unsaturated ligands such as carbenes,
[30]
 and redox chemistry of complexes 
bearing vinylidene and higher cumulene ligands.
[31]
 We have been drawn to the chemistry of -
alkynyl complexes, as the -donor character of the -alkynyl ligand, coupled with moderate -
accepting behaviour,
[32][33]
 provides scope for the involvement of the ligand in the higher lying 
molecular orbitals. In turn, the involvement of the alkynyl -system in stabilising the unpaired 
electron (or hole) can be conveniently assessed through variation in the (CC) frequency as a 
function of molecular oxidation state.
[15][20]
 Alkynyl complexes therefore offer a platform for the 
construction of open-shell systems in which the unpaired electron can be tuned across the spectrum 
of metal-localised to ligand-localised radicals. This variable electronic character, together with the 
approximately cylindrical distribution of -electron density along the CC axis has also sparked 
immense interest in the electronic character (mixed valence or otherwise) of radicals derived from 
bimetallic complexes with alkynyl-bridging ligands.
[34]
 Transition metal -alkynyl complexes have 
also found application as building blocks for the assembly of larger molecular structures and 
polymetallic complexes, and as functional materials with redox-switchable magnetic,
[35]
 optical and 
non-linear optical response.
[36][37]
 In this contribution, we survey the nature of redox processes 
associated with metal -alkynyl complexes, and selected closely related systems, with particular 
emphasis on the chemical consequences of the change in molecular redox state. 
 
Metal-localised redox chemistry 
Two-electron changes in the formal redox state of the metal centre in -alkynyl complexes are 
critical to many mechanistic interpretations of metal complex mediated or catalysed alkynyl 
coupling reactions, many of which have found application in synthetically useful procedures.
[38]
 
Many aspects of this two-electron redox chemistry have been thoroughly reviewed from the view 
point of applications in synthetic organic chemistry,
[7][39][40]
 whilst examples of formal two-electron 
oxidative coupling reactions of alkynyl ligands to give diynes and polyynes that take place on 
polymetallic scaffolds, including the formation of polyynes that are retained within the metal 
coordination sphere of mono and polymetallic systems, have been reviewed elsewhere.
[41]
 In this 
section we will briefly summarise aspects of this chemistry from the point of view of formal redox 
state changes at the metal centre, as a prelude to discussions of reactivity derived from redox non-
innocent character in alkynyl ligands which follow. 
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Some of the oldest examples of a metal-mediated C–C coupling reactions of alkynyl moieties, such 
as the Glaser reaction
[42]
 and its variants (Eglinton, Hay, Cadiot-Chodkiewicz),
[43]-[47]
 involve a 
copper-based redox cycle, although precise mechanistic details of these useful alkyne coupling 
reactions are still a topic of debate. Nevertheless, the Glaser and related reactions are firmly 
established as key synthetic methodologies for the preparation of 1,3-diynes from terminal 
alkynes.
[47]
 In the parent (Glaser) reaction, a Cu(I) alkynyl complex {Cu(CCR)}n is treated with an 
oxidant, such as molecular oxygen, K2MnO4, K4Fe(CN)6, I2 or even Cu(II) in the presence of base 
to afford the corresponding 1,3-diyne, RCCCCR. Closely related reactions that employ 
stoichiometric Cu(OAc)2 (Eglinton reaction) or catalytic Cu(I) (Hay reaction) are also known, the 
latter in particular being a convenient laboratory preparation of 1,3-diynes in good yield.
[48]
 [CARE: 
A report has described a serious explosion during the preparation of 1,4-bis(trimethylsilyl)-buta-
1,3-diyne by the Hay procedure (CuCl / TMEDA / O2), thought due to static discharge igniting the 
acetone / trimethylsilylacetylene reaction mixture. The precautionary warnings in the Organic 
Syntheses descriptions must be heeded, and care taken to eliminate all sources of ignition during 
reactions involving acetylenes in oxygen atmospheres].
[49]
  
 
Early mechanistic suggestions for the Glaser reaction implicate Cu(II) as the oxidant, and discount 
radical mechanisms.
[50]
 More recent DFT calculations have implicated a bimetallic intermediate 
with a [Cu2(-O2)]
2+ 
core (1b, Scheme 1) formed from reaction of the Cu(I)•TMEDA / alkyne 
complex (1a) with O2, which implies a formal oxidation of Cu(I) to Cu(III). Rearrangement via 
mononuclear 1c followed by reductive elimination of the diyne gives two mononuclear Cu(II) 
centres (1d). Complex 1d enters into a second cycle of alkyne / acetylide addition, dimerisation and 
reductive elimination to give a second molecule of the diyne, and restore the catalyst back to the 
Cu(II) state (1d).
[51]
 This bimetallic processes which shuffles the copper between the Cu(I/III) states 
with an oxygen derived aqua / hydroxy co-ligand accounts for many of the otherwise disconcerting 
aspects of the Hay process based on a simple mono-metallic Cu(I) centre and O2 as an innocent 
oxidant. Recent variants to the Glaser-Hay-Eglinton procedures include the use of catalytic CuCl2 / 
DBU (a combination that favours disproportionation to Cu(I)),
[52]
 CuCl2 / NEt3,
[53]
 and a system 
catalytic in Cu(OAc)2 in the presence of piperidine.
[54]
 A variety of other metals have also been 
developed as catalyst systems, including systems based on Ti
[55]
 and Co.
[56]
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Scheme 1. Key mechanistic steps in the Glaser reaction, as determined by DFT studies.
[51]  
 
Other examples of alkyne coupling reactions mediated by changes in metal oxidation-state include 
the Sonogashira reaction
[57][58]
 and interception of the Pd(II)/Pd(0) cycle as a route to the facile 
formation of diynes,
[59]-[61]
 which can be extended to a palladium-catalysed version of the Cadiot-
Chodkiewicz (hetero) cross-coupling reaction of terminal and halo alkynes.
[62]
 It has been noted that 
in the palladium mediated homo-coupling of alkynes, the kinetic profile of the reaction (zero order 
in alkyne) is consistent with the Pd(0/II) re-oxidation step being rate determining.
[59]
 Cu(II) is 
known to accelerate the oxidation of Pd(0) to Pd(II) by oxygen, prompting suggestions by Marder 
and Fairlamb of the dual role of the copper species in aiding both alkynyl ligand transmetallation to 
Pd(II) and re-oxidation of Pd(0) (Scheme 2).
[60]
 Similar observations of the efficacy of mixed Pd/Cu 
catalysts in alkyne homo-coupling have been reported elsewhere.
[63]-[69]
 Other mixed-metal catalyst 
systems for the oxidative homo- and hetero-coupling of alkynes have been reported recently, 
including Fe(acac)3 / Cu(acac)2,
[70]
 and an unusual Cu / Ni system in which Cu plays a role as a 
templating group for the assembly of the active nickel bis(alkynyl) moiety (Scheme 3),
[71]
 NiCl2 / 
CuI has also been shown to be an effective catalyst for cross-coupling of alkynes to give substituted 
1,3-diynes in a modification of the Hay process, which can also be tuned to give acceptable yields 
of hetero cross-coupled products.
[72]
 Mixed Pd(II) / Au(I) catalysts to effect cross-coupling of aryl 
iodides with terminal alkynes have been described by Laguna, although the rates of reaction are 
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slower than with a copper(I) co-catalyst,
[73]
 with further complications due to the complications of 
using two equivalents of Au(I) to regenerate Pd(II) from Pd(0).
[74]
 Pre-formed Au(I) alkynyl 
complexes can be used to introduce alkynyl fragments into the Pd(II/0) cycle, although in toluene 
the reaction conditions are quite forcing (130C, 16-24h).[75]  
 
Scheme 2. Role of Cu(I/II) in aiding both transmetallation and re-oxidation of Pd(0/II) in alkyne homo-coupling. 
 
 
Scheme 3. An unusual Cu-templated/Ni-catalysed alkyne cross-coupling reaction (L = thf, dme). 
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/ Cu catalyst system have recently been described.
[76]-[78]
 In this case the gold serves as a 
transmetallation agent, and the use of a pre-formed Au(I) complex permits the transfer of the 
alkynyl or diyndiyl species to Pd(II) under mild conditions.
[79]
 In this manner, differentially 
substituted 1,3-diynes can be prepared by the sequential cross-coupling of each Au-alkynyl moiety 
in Ph3PAuCCCCAuPPh3 (Scheme 4); similar Au-mediated transmetallation chemistry has been 
used in conjugation with Pd / Cu cycles in the synthesis of metal complexes featuring polyyn(di)yl 
ligands of considerable length.
[80]-[83]
 In these cases, the Au(I) reagent is redox innocent, serving to 
mediate the introduction of the alkynyl moiety to the Pd / Cu catalyst system, and the Pd(II/0) redox 
cycle is the critical factor. Recently, examples in which an unusual Au(I/III) redox couple is used to 
mediate alkynyl cross-coupling chemistry have been reported, with an external oxidant being 
necessary to complete the cycle by regenerating an active Au(III) species from the Au(I) formed 
together with the coupling product by the key reductive elimination step.
[84][85]
  
 
Scheme 4. Au(I)-mediated sequential cross-coupling reaction to form asymmetric 1,3-diynyl products ([cat] = 
PdCl2(PPh3)2 / CuI). 
One-electron, metal-centred redox chemistry of alkynyl complexes is also known, although the 
pathways of reaction are distinct from the two-electron oxidative addition / reductive elimination 
steps that govern the alkynyl coupling processes noted above. In cases where one-electron transfer 
leads to metal-centred radicals, particularly where the metal centre is afforded minimal steric 
protection, the formation of new metal-metal bonds, rather than carbon-carbon bonds, can be 
observed. For example, the one-electron oxidation of Li[W(CCR)(CO)(NO)Cp] (R = Ph, tBu, 
SiMe3) (2, Scheme 5) with [FeCp2]BF4 at low temperature leads to the formation of bimetallic -
,-alkynyl complexes 4, presumably via the M–M coupled intermediate 3, and subsequent loss of 
the carbonyl ligand.
[86]
 The validity of postulating the intermediate 3 is affirmed by the notable 
absence of any products corresponding to an M–C or C–C coupled product that would point 
toward more substantial delocalisation of electron spin density on the alkynyl ligand. 
Ph3PAu C C C C AuPPh3
C C C C AuPPh3
C C C C R
I
I R
[cat]
[cat]
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Scheme 5. M–M coupling on one-electron oxidation of the tungsten -alkynyl complexes 1 (R = Ph, tBu, SiMe3). 
 
In contrast, thermolysis of Mo(CCR)(CO)3Cp (5) affords the -
2
-diyne complex 
{Mo(CO)2Cp}2(-
2
-RC2CCR) (6, R = SiMe3, Ph, C6H4F-4); cross-over experiments with 
mixtures of the R = Ph and R = C6H4F-4 mononuclear precursors give mixtures of both homo-
coupled products together with both isomers of the cross-coupled product.
[87][88]
 These reactions 
involve formal reduction of the two metal centres from Mo(II) in 5 to Mo(I) in the bimetallic 
product 6, with concomitant oxidative coupling of two alkynyl ligands to a 1,3-diyne (Scheme 6). 
Analogous chemistry with Cr(CCPh)(CO)3Cp is also known,
[87]
 although the product diynyl 
complex is thermally sensitive. In the case of W(CCSiMe3)(CO)3Cp, thermolysis in the presence 
of {W(CO)3Cp}2 gave the C–C coupled product {W2(CO)4Cp2}2(-
2
:-2-Me3SiC2C2SiMe3). 
Under more extreme conditions, the reaction proceeds to give metal carbides and small amounts of 
the metal(0).
[89]
 Clearly, the supporting ligand sets in the intermediates described in Scheme 5 and 
Scheme 6 [(NO)+e
–
 vs. (CO)2] play a decisive role in the reactions along the M–M coupling route 
vs. M–M/C–C pathways. Similar metal-reduction / alkynyl ligand oxidative-coupling electron 
redistribution reactions that result in the formation of the free 1,3-diyne are known to occur 
following thermolysis of Fe(CCSiMe3)(CO)2Cp or {Fe(CO)2Cp}[-
1
,2-
(C2SiMe3){Co2(CO)6)}] to give Fe2(CO)4Cp2 and either Me3SiCCCCSiMe3 or {Co2(CO)6}2(-
2,2-Me3SiC2C2SiMe3), respectively.
[90]
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Scheme 6. Thermolysis of molybdenum(II) -alkynyl complexes. 
 
Quite remarkably, the alkynyl and diynyl ligands in the tungsten complexes W(CCR)(CO)3Cp* 
(R= Ph, CH2OMe, nPr),
[91]
 W(CCCCH)(CO)3Cp* and {W(CO)3Cp*}2(-CCCC)
[92]
 are 
sufficiently stable to survive treatment with H2O2 / H2SO4 to give the oxo-peroxo derivatives 
W(CCR)(O)(O2)Cp*, which subsequently react with PPh3 to undergo oxygen abstraction and 
yields the respective bis(oxo) derivatives (Scheme 7). This chemical oxidation from W(II) to W(VI) 
is accompanied by an increased decoupling of the metal and alkynyl orbitals; as a consequence the 
HOMO in these systems is essentially alkynyl centred, and well-removed from the low-lying W(VI) 
d-orbitals.
[93]
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Scheme 7. Oxidation and subsequent oxygen abstraction to form di(oxo)tungsten(VI) -alkynyl complexes. 
 
Ligand redox non-innocence and subsequent chemistry  
Ligand redox non-innocence in alkynyl complexes has been evidenced in a wide variety of studies, 
ranging from the direct spectroscopic demonstration of radical character in the alkynyl ligand 
following a redox reaction in cases where the redox product is sufficiently stable to be observed, to 
the identification of chemical products consistent with ligand radical character following EC 
processes. These latter chemical reactions of ligand-based radicals can in turn be considered either 
as ‘nuisances’ responsible for the chemical irreversibility of electrochemical processes or as useful 
tools in synthetic strategies. 
 
Chemical reactions of -alkyne based radicals 
In an early example of redox non-innocence in a metal alkyne complex, one electron 
oxidation of the anion derived from deprotonation of Co2(-Me3SiC2H)(CO)6 (estimated to have an 
oxidation potential of +0.58 V vs. SCE in THF) gave {Co2(CO)6}(-Me3SiC2CCSiMe3) and 
{Co2(CO)6}2(-Me3SiC2C2SiMe3).
[94]
 Similar oxidative coupling of “{Co2(CO)6}2(-
2
,2-
Me3SiC2C2Li)” gave {Co2(CO)6}3(-
2
,2, 2-Me3SiC2C2CCC2SiMe3) in low yield. In both cases, 
extrusion of a Co2 fragment appears driven by steric factors. Reaction of M(CCPh)(PPh3) (M = Ag, 
Au) or Hg(CCPh)2 with Co2(CO)8 is thought to give initially the expected alkyne complex 
Co2(CO)6}{-PhC2ML} (L = PPh3, CCPh) which converts by an unspecified mechanism to the C–
C oxidatively coupled product {Co2(CO)6}2(-PhC2C2Ph).
[95]
 Similarly, 1-iodo-2-ferrocenyl 
acetylene (FcCCI) reactions with excess Co2(CO)8 to give {Co2(CO)6}2(-FcC2C2Fc), presumably 
accompanied by the formation of I2.
[96]
 Further examples of the chemistry involving coupling of -
alkynyl ligands with concomitant aggregation of metal fragments have been comprehensively 
reviewed elsewhere.
[41]
 
 
Chemical reactions of -alkynyl based radicals and closely related systems 
One of the most elementary reactions of an organic radical, Y
•
, is abstraction of a hydrogen atom 
from the reaction environment to give a closed shell hydrocarbon Y–H. Even in the case of metal 
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alkynyl complexes, M(CCR)Ln, wherein there is substantial evidence of ‘metal-centred’ radical 
character in oxidised derivatives, similar hydrogen abstraction processes are often found to occur, 
especially at room temperature, to give the analogous vinylidene [M{=C=C(H)R}Ln]
+
, clearly 
evidencing a degree of radical character at the alkynyl C carbon (Scheme 8). This hydrogen 
abstraction pathway leading to the conversion of an alkynyl radical to a vinylidene is in competition 
with C–C homo-coupling, which is also a common reaction for organic radicals, affording in the 
case of the alkynyl derivatives a bis(vinylidene).
[29][31]
  
 
Scheme 8. General schematic of radical-coupling reactions observed upon oxidation of 18e
–
 -alkynyl complexes. 
 
A meticulous study on oxidation of trans-Ru{CCC(H)R2}Cl(dppe)2 (7-R) and the 
isotopologues trans-Ru{CCC(D)R2}Cl(dppe)2 (7D-R) (R = H, Me, Ph) has revealed some of the 
mechanistic factors affecting reactivity of alkynyl complex radicals, specifically regarding the 
nature of hydrogen abstraction from the environment.
[97]
 Oxidation of trans-
Ru{CCC(H)Ph2}Cl(dppe)2 (7-Ph) with [FeCp2]PF6 rapidly affords a 1:1 mixture of the vinylidene 
(8-Ph) and allenylidene (9-Ph) complexes (Scheme 9). In contrast the oxidation of trans-
Ru{CCC(H)Me2}Cl(dppe)2 (7-Me) with [FeCp2]PF6 affords only a slow and minimal conversion 
to the corresponding vinylidene complex 8-Me. Reaction of 7-Me with [FeCp2]PF6 followed by 
addition of [CoCp2] after one hour (where E
0
(cobaltocene) was sufficient to reduce the redox-
generated alkynyl radical-cation, though not the derived vinylidene complexes), yields a 95:5 
mixture of 7-Me and 8-Me. 
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Scheme 9. Redox chemistry of the C-unsaturated -alkynyl complexes (M = trans-[RuCl(dppe)2]; (a): [FeCp2]PF6, 1 
hr.; CoCp2; (b) [FeCp2]PF6). 
To further understand the different products observed, identical reactions were performed 
with the isotopologues trans-Ru{CCC(D)R2}Cl(dppe)2 (7D). The oxidation of trans-
Ru{CCC(D)Ph2}Cl(dppe)2 (7D-Ph), yields a 1:1 mixture of the allenylidene, 9-Ph, and the 
doubly-deuterated vinylidene 8DD-Ph, implying an intermolecular reaction of the oxidised cation. 
Reaction of 7D-Me or 7D-H with [FeCp2]PF6 followed by CoCp2 again yields a mixture of the 
starting alkynyl 7D in addition to a small percentage of the mono-deuterated vinylidene 8HD, thus 
clearly implying a mechanism different to that observed in the phenyl-functionalised derivative. 
These results are interpreted according to Scheme 10 whereby the redox-generated cationic radical 
[7D-Ph]
•+
 undergoes intermolecular proton-transfer to the neutral complex 7D-Ph to form the 
vinylidene 8DD-Ph, concomitantly forming the stable neutral radical [9-Ph]
•
, which is further 
oxidised to the allenylidene 9-Ph. The neutral radical [9-Ph]
•
 is stabilised by spin-delocalisation on 
to the phenyl rings, whereas in the methylated derivative such spin-delocalisation is not possible 
and therefore the radical cation [7D-Me]
•+
 is stabilised relative to [9-Me]
•
, though nevertheless [7D-
Me]
•+
 is a sufficiently reactive radical cation to abstract hydrogen from the reaction medium to form 
the vinylidene complex 8HD-Me. Interestingly these results are also supported by the inverse 
reaction, i.e. the reduction of an allenylidene complex, whereby the reaction of trans-
[Ru(=C=C=CR2)Cl(dppe)2]PF6 (R = Me, Ph) with CoCp2 and subsequent trapping of the radical 
intermediate with Ph3SnH yields the C–substituted alkynyl analogue trans-
Ru{CCC(H)R2}Cl(dppe)2.
[98]
 The oxidation of [Ru{CCC(H)Ph2}(=C=C=CPh2)(dppe)2]
+
 with 
Ce(IV) in the presence of KB(C6F5)4 also served as the first synthetically facile means by which a 
bis(allenylidene)ruthenium complex was accessible.
[99]
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Scheme 10. Various products resulting from the one and two-electron oxidation of the deuterated ruthenium complexes 
([M] = trans-[RuCl(dppe)2]). 
Vinylidene complexes, M(C=CR2)Ln, are also redox active in their own right, with 
examples of both reduction and oxidation being known. Reduction of vinylidene complexes is 
favoured at the C carbene carbon, even in the presence of strongly electron withdrawing 
substituents on the CR2 fragment,
[100]
 giving rise to C-localised radicals that can have significant 
chemical stability due to the steric protection afforded by the LnM fragment. In addition to these 
steric considerations, the chemistry of oxidised derivatives of vinylidene complexes is directed by 
the various resonance forms of the resulting radical that can be stabilised by the supporting metal 
fragment. For example, deprotonation of the carbyne complex Mo(CCH2
t
Bu){P(OMe)3}2Cp, (10), 
yields the anionic vinylidene [Mo{C=C(H)
t
Bu}{P(OMe)3}Cp]
–
 (11a), which may also be 
represented by a carbyne form (11b). Subsequent oxidation of 11 by [FeCp2]BF4 or CuI results in 
formation of the bis(carbyne) complex 12, which was isolated as both the meso-compound and the 
diastereomeric pair (Scheme 11).
[101]
  
 
 
Scheme 11. C–C coupling resulting from oxidation of the anionic molybdenum complex 11. 
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A particularly well-explored aspect of C–C coupling reactions in redox-generated 
organometallic radicals relates to the oxidation chemistry of the manganese vinylidene complexes 
depicted in Scheme 12.
[102][103]
 Reaction of the vinylidene complex 13 with [FeCp2]PF6 at room 
temperature affords varying mixtures of the bis(carbyne) complexes 14 and 17. The reaction 
proceeds by initial oxidation of the vinylidene to give the radical cation [13]
•+
, which may then 
undergo immediate C–C coupling to afford complex 14. This process results in almost 
quantitative conversion of the mononuclear vinylidene 13 to the bis(carbyne) 14 in the case of 
complexes R = H or Me. In those cases where the terminal vinylidene substituent is more readily 
able to stabilise the vinylidene radical cation [13]
•+
, the kinetics of the reaction are decreased to 
such an extent that an alternate reaction pathway becomes favourable. In these cases where 
accumulation of the vinylidene radical is possible, a proton transfer reaction with the parent 
vinylidene 13 results in formation of a carbyne, 15, and alkynyl radical cation, 16, the latter 
undergoing C–C coupling to afford the alternate bis(carbyne) complex 17. The role of the 
terminal vinylidene substituent in determining susceptibility to dimerisation and formation of 
complexes 14 has been explored by DFT calculations which support the experimentally observed 
trend of R = H > Me > Ph ~ C6H4Me > Si(tBu)Me2. Of note is the fact that reaction of complexes 
14 with Co(Cp*)2 results in often quantitative conversion back to the vinylidene 13, this redox-
reversibility again following the DFT-determined trends described above and leading to 
descriptions of such systems as electron reservoirs. 
 15 
  
Scheme 12. Oxidation of Mn(I) vinylidene complexes, resulting in the formation of mono- and bi-metallic carbyne 
complexes (PP = dmpe, depe; R' = H, Me; R = H, Ph, C6H4Me-4, C4H3S-3; not all combinations). 
 
The carbonyl complexes Mn{C=C(H)Ph}(CO)(L)Cp' (Cp' = Cp, L = CO, PPh3; Cp' = Cp*, 
L = CO) behave similarly. In the case of the dicarbonyl complex Mn{C=C(H)Ph}(CO)2Cp, 
oxidation and subsequent loss of H
•
 results in formation of the 16-e alkynyl radical 
[Mn(CCPh)(CO)2Cp']
+
. Coupling in the usual C–Cfashion gives the bis carbyne [Cp' 
(CO)2MnC–C(Ph)=C(Ph)–CMn(CO)2Cp']
2+
, which in turn can be reversibly reduced to the 
neutral bis(vinylidene).
[104]
 The oxidative dehydrodimerisation of the more electron-rich systems 
featuring L = PPh3 or Cp' = Cp* supporting ligands proceeds via a sequence of oxidation and C–
Ccoupling to give a species closely related to 14 with subsequent proton loss resulting in 
formation of a neutral bis(vinylidene) Cp'(CO)(L)Mn=C=C(Ph)–C(Ph)=CMn(CO)(L)Cp'.[105] In 
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 16 
turn, the neutral bis(vinylidene) can be reversibly oxidised by 2-electrons to give a dication, best 
formulated as a bis(carbyne) similar to 17. The reactivity of the -C4Ph2 ligand can be switched by 
these redox processes, with the neutral bis(vinylidene) system being inert toward oxygen 
nucleophiles (H2O, OH
–
) , whilst the dicationic bis(carbyne) are readily converted to furan 
derivatives upon reaction with H2O or OH
–
.
[106]
 
In an interesting counterpoint, reduction of the Group 6 alkynyl complexes 
M(CCPh)(CO)3Cp' either chemically (Na / K, M = Cr, Cp' = Cp) or electrochemically (M = Cr, 
Cp' = Cp; M = Mo, W, Cp' = Cp*) also affords bis(carbyne) complexes [Cp'(CO)2MC–
C(Ph)=C(Ph)–CM(CO)2Cp'], albeit in very low yield for the Mo and W examples, and is thought 
to occur via the sequence of reduction, CO elimination, C–C coupling and oxidation shown in 
Scheme 13.
[107][108]
 The bis(carbyne) product undergoes two reversible reduction processes, 
separated by ca. 140 mV, although the electronic characteristics of the intermediate mono-anion 
have not been investigated in detail. 
 
Scheme 13. Reductive coupling of chromium(II) -alkynyl to afford the alkenyl bis(carbyne). 
 
Depending on the nature of the LnM fragment, oxidation of a vinylidene may also result in 
loss of a proton, thereby yielding an alkynyl radical; similar chemistry has been shown to take place 
following oxidation of the metal-substituted butatrienylidene 
[Cp*(dppe)Fe{C=C=C=C(H)}Fe(CO)2Cp*]
+
. Whilst H
•
-abstraction may regenerate the parent 
vinylidene, the alkynyl radical is also susceptible to C–C coupling reactions which result in the 
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formation of bis(vinylidene) products. This chemistry was first noted by Iyer and Selegue following 
treatment of [Fe{C=C(H)R}(dppe)Cp]BF4 with iodosobenzene (R = Me) or Cu(OAc)2 (R = Me, 
Ph) at room temperature.
[109]
 Crystallisation of the resulting reaction mixture afforded 
[{Fe(dppe)Cp}2{-C=C(R)–C(R)=C}][BF4]2 in good (R = Me, 77 %; Ph, unspecified) yield. Early 
attempts to convert the related alkynyl complexes Fe(CCR)(dppe)Cp to the bis(vinylidene) by 
chemical (Cu(II) or Ag(I),
[109]
 and later ferrocenium
[110]
) or anodic oxidation
[109]
 were unsuccessful, 
although it was ultimately demonstrated that accumulation of alkynyl radical cations by chemical 
oxidation at low temperatures can lead to more effective C–C coupling.[111] Alkynyl radical 
coupling to form bis(vinylidene) species generally occurs in competition with the hydrogen 
abstraction reaction pathway, and the relative extent of dimerisation versus hydrogen abstraction is 
subject to thermodynamic and/or kinetic (steric) factors.
[112]
  
These competing pathways of oxidation, hydrogen atom abstraction and C–C coupling, 
are clearly illustrated in the behaviour of the complexes [Mo(CCR)(dppe)( -C7H7)] (18; R = Ph, 
nBu, tBu) described by Whiteley and co-workers. Chemical oxidation ([FeCp2]PF6) of the n-butyl 
derivative affords the 17 e
–
 radical 19-nBu as only a transient species prior to rapid formation of the 
dimeric product 20-nBu (Scheme 14). In contrast the radical cation 19-Ph has been isolated and 
structurally characterised, although prolonged stirring in tetrahydrofuran subsequently affords the 
dimerised product 20-Ph. The sterically-demanding analogue 19-tBu does not dimerise, but instead 
affords the cationic vinylidene 21 upon prolonged stirring.
[113][114]
 The lack of dimerisation 
exhibited in the tert-butyl functionalised derivative is logically attributable to steric hindrance at the 
C atom of the alkynyl radical, whilst the slow reaction is a consequence of the significant dz2 
character of the -LUSO in [Mo(CCC6H5)(dppe)(
7
-C7H7)]
+
, which offers a poor symmetry match 
with the alkynyl -orbitals and thereby limits the concentration of spin density on the alkynyl 
moiety (vide infra).
[20]
  
 
 
 18 
 
Scheme 14. Differing reactivity of the radical cations 19 dependent upon the terminal alkynyl substituent. 
 
Similar observations have been made on the series of complexes [Fe(CCR)(dppe)Cp*] 
whereby the CCH acetylide complex dimerises on low-temperature oxidation,[112] whilst the tert-
butyl, phenyl and a range of other substituted-aryl alkynyl complexes form stable, isolable radical 
cations.
[11][13][14][16][17][115]-[119]
 Very recently this work has been extended by Paul and colleagues to 
demonstrations of the substantial accumulation of spin density at the ligand -atom in isolable 
radicals [Fe(L)(dppe)Cp*]
+
 (L = N3, NCS), which bodes well for the use of such complexes as 
metalloligands in the assembly of larger, redox-active polymetallic complexes.
[120]
 
 
Reactions of analogous complexes M(CCR)(PP)Cp with potential oxidising agents such as 
tropylium, [C7H7]
+
, (M = Fe, Ru, Os; R = Ph, PP = (PPh3)2, dppm, dppe; not all 
combinations),
[121][122]
 diazobenzene, [PhN2]
+
, (M = Ru, R = Ph, PP = (PPh3)2, dppe),
[121]
 or 
halogens (R = Ph, PP = (PPh3)2)
[123][124]
 give products resulting from electrophilic addition to C 
rather than one-electron oxidation. However, treatment of the parent acetylide complex 
Ru(CCH)(PPh3)2Cp with [C7H7]
+
 or MeI gave green solutions thought to contain the coupled 
product [{Ru(PPh3)2Cp}2(-C=C(H)–C(H)=C)]
2+
 on the basis of mass spectrometric data.
[125]
 The 
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more facile coupling of the ethynyl complex is consistent with the steric factors described for the 
Mo(dppe)(7-C7H7) and Fe(dppe)Cp* systems above.  
 
Scheme 15. Solvent-dependent redox reactivity of Ag(I) with the ruthenium alkynyl complex. 
Reactions of Ru(CCPh){P(OMe3)}2Cp with [Cu(NCMe)4]PF6 in methanol gave the -
complex [Ru(CCPh){P(OMe)3}2Cp]2CuPF6 together with small amounts of a complex formulated 
as the bis(vinylidene) [{Ru{P(OMe)3}2Cp}2(-C=C(Ph)–C(Ph)=C)]
2+
 arising from oxidation of 
either the alkynyl complex, or traces of the vinylidene that were contained in the alkynyl 
precursor.
[126]
 More control over the coordination vs. oxidation pathways could be achieved in 
reactions with Ag(I), given the sensitivity of the Ag(I/0) couple to solvation factors.
[3]
 Thus, 1:2 
reaction of AgPF6 with Ru(CCPh)(PPh3)2Cp (22) in toluene at 0 C gave yellow, -coordinated 23 
(Scheme 15).
[127]
 However, when the reaction was conducted with 1:1 stoichiometry in toluene / 
CH2Cl2, Ag(I) serves as an oxidant, leading to the formation of a bimetallic complex initially 
formulated as 24 in high (82 %) yield.
[127]
 However, very recent results suggest the coupled 
products derived from phenylethynylene radicals may have an alternative structure.
[128]
 Cyclic 
voltammetry experiments show that Ru(CCPh)(PPh3)2Cp undergoes two anodic redox processes, 
the first poorly chemically reversible and the second essentially irreversible under standard 
conditions, with variations in scan rate, temperature and alkynyl substituents pointing toward an EC 
mechanism dominating the first redox event and thereby inhibiting chemical reversibility.
[18]
 Bruce 
has reported a careful study of the products formed from oxidation of Ru(CCPh)(PPh3)2Cp and 
Ru(CCC6H4Me-4)(PPh3)2Cp, which evidences the accumulation of radical character in the 
arylalkynyl ligand.
[128]
 Treatment of 22 with a slightly sub-stoichiometric quantity of [FeCp2]PF6 
resulted in formation of the highly reactive radical cation [Ru(CCPh)(PPh3)2Cp]
+
, which rather 
than coupling in the usual C–C fashion, presumably on steric grounds, coupled through C of 
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one radical and the para-phenyl carbon of the alkynyl substituent in another. The proton liberated 
on re-aromatisation of the phenylene ring is transferred to the basic acetylide moiety to give an 
unusual di(vinylidene) product (25, Scheme 16). Deprotonation of this vinylidene ligand proceeds 
as expected, yielding the alkynyl-vinylidene complex 26, and addition of acid regenerates 25 in a 
reversible process. Clearly, the alkynyl radical [Ru(CCPh)(PPh3)2Cp]
+
 exhibits concentrations of 
spin density at both C and the para-position of the arylalkynyl ligand, an assertion in keeping with 
DFT calculations of the spin density distribution [C 0.27e, Cpara 0.13e ]. When the para-position 
was blocked, as in Ru(CCC6H4Me-4)(PPh3)2Cp, the intermolecular coupling took place between 
C and the cyclopentadienyl ring, with the liberated proton being transferred to the remaining 
alkynyl moiety to yield a di(vinylidene) complex (27, Scheme 16). Whilst deprotonation gave the 
alkynyl-vinylidene 28, complex 27 was prone to oxidative decomposition (or hydrolysis) to the 
carbonyl 29 (vide infra). 
 
Scheme 16. The different bimetallic products isolated from ferrocenium oxidation of [Ru(CCPh)(PPh3)2Cp] and 
[Ru(CCC6H4Me-4)(PPh3)2Cp]. 
Nevertheless, the oxidative coupling of terminal alkynyl complexes M(CCH)Ln is now 
recognised as a viable synthetic strategy to the assembly of bis(vinylidene) complexes [{LnM}2{-
C=C(H)–C(H)=C}]2+, which can in turn be deprotonated to give butadiyndiyl compounds as an 
alternative to Glaser/Hay coupling reactions,
[42][45][129]
 transmetallation reactions with dilithio-
butadiyndiyl reagents
[130]
 or copper diyn(di)yls formed in situ
[131]-[133]
 and desilylation / metallation 
protocols.
[134]
 The complexes [M(CCH)(dppe)(L)] (L = Cp*, M = Fe, Ru, Os; L = 7-C7H7, M = 
Mo) and Ru(CCH)(dppm)Cp* all react with one equivalent of [FeCp2]PF6 at -78°C to yield the 
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 21 
bimetallic di-vinylidene, which is then readily deprotonated to form the bimetallic butadiyndiyl 
complexes [{M(dppX)(L)}2(1,4--CC–CC)] (Scheme 17).
[112][135]-[138]
 
 
Scheme 17. Oxidative coupling and subsequent deprotonation to yield bimetallic -1,3-diyn-1,4-diyl complexes. 
 
Steric factors at the metal centre, rather than the alkynyl termini, also play a significant role 
in determining the reactivity of alkynyl radical cations towards coupling reactions, as illustrated by 
the complexes [Nb(5-C5H4SiMe3)2(CCPh)(L)] (30, L = CO, PMe2Ph).
[139]
 Oxidation of 30-CO in 
dichloromethane at -30°C rapidly results in formation of the vinylidene complex 32-CO (or the 
isotopologue [Nb(5-C5H4SiMe3)2(=C=C(D)Ph)(CO)]
+
 in d2-dichloromethane) by hydrogen 
abstraction, whereas oxidation of the sterically hindered phosphine analogue readily allows 
isolation of the stable radical cation [31-PMePh2][BPh4]. After several weeks at room temperature 
in dichloromethane, this complex also converts to the vinylidene derivative 32-PMePh2. Also of 
note is a significant solvent effect
[140]
 whereby the carbonyl-derived radical cation 31-CO rapidly 
dimerises in tetrahydrofuran solution to form the bimetallic di-vinylidene 33, whereas no analogous 
reaction was observed for the phosphine-ligated derivative under a variety of reaction conditions 
(nor for the related carbonyl derivative [Nb(5-C5H4SiMe3)2(CCtBu)(CO)]
•+
). 
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Scheme 18. Solvent- and ligand-dependent redox reactivity of niobocenyl alkynyl complexes. 
In contrast to the carbon-carbon coupling chemistry exhibited by the parent alkynyl radical 
cation [Fe(CCH)(dppe)Cp*]+, more sterically congested iron alkynyl complexes 
[Fe(CCC6H4R)(dppe)Cp*]
+
, with the exception of the NMe2 derivative, are generally amenable to 
isolation and crystallisation and offer Mossbauer signatures consistent with descriptions based on 
formal Fe(III) oxidation states.
[11]
 The analogous aryl alkynyl ruthenium systems 
[Ru(CCC6H4R)(PP)Cp']
+ 
[(PP)Cp' = (PPh3)2Cp, (dppe)Cp*]
[10][18]
 and related trans-
[RuCl(CCC6H4R)(dppe)2]
+
 
[12]
 exhibit more spin density on the alkynyl ligand (vide infra) and are 
generally far more chemically active, resisting attempts at crystallisation, often ‘decomposing’ via 
either hydrogen abstraction to vinylidene complexes or CC cleavage reactions to give carbonyl 
complexes. Indeed, for systems in which the alkynyl ligand supports even a modest amount of 
radical character, decomposition to the analogous metal carbonyl is commonly observed during 
attempts to prepare and isolate radicals derived from ruthenium -alkynyl 
complexes.
[12][19][97][141][142]
 
As noted above, the formation of vinylidene complexes by hydrogen abstraction is a 
commonly observed reaction of alkynyl radical cations. In turn, vinylidene complexes are known to 
be hydrolysed to give the metal carbonyl complex,
[122][143]
 whilst reaction of, for example, 
[Ru{C=C(H)Ph}L(PPh3)Cp]
+
 (L = CO, PPh3) with dioxygen gives [Ru(CO)L(PPh3)Cp]
+
 and 
benzaldehyde (L = CO) or benzoic acid (L = PPh3);
[144]
 other examples of the oxidation of 
vinylidenes to carbonyls under ambient conditions are also known.
[136][145]-[147]
 Therefore, the 
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intermediacy of vinylidenes cannot be excluded in the conversion of alkynyl radical cations to 
carbonyls. However, these reactions are generally slow, and a growing body of evidence points to 
more direct hydrolysis mechanisms that may occur on faster timescales. By way of example, 
oxidation of trans-Ru(CCMe)Cl(dppe)2 by [FeCp2]PF6 in CH2Cl2 results in the formation of a 
thermally stable radical cation trans-[Ru(CCMe)Cl(dppe)2]
+
, which slowly forms the vinylidene 
trans-[Ru{C=C(H)Me}Cl(dppe)2]
+
 by abstraction of H
•
. The reaction mixture is partially 
hydrolysed by residual water to give trans-[Ru(CO)Cl(dppe)2]
+
, but at a rate faster than hydrolysis 
of the vinylidene, strongly implying formation of the carbonyl complex by hydrolysis of the alkynyl 
radical.
[97]
 Likewise, mixtures of trans-[Ru(CO)Cl(dppe)2]
+
 and trans-[Ru(C=C(H)C6H4NO2-
4}Cl(dppe)2]
+
 have been obtained from NO
+
 mediated oxidation of trans-Ru(CCC6H4NO2-
4)Cl(dppe)2.
[12]
  
Perhaps the most comprehensive study of this process has been conducted by Paul and 
Lapinte, who have explored the mechanism of formation of [Fe(CO)(dppe)Cp*]
+
 from 
[Fe(CCC6H4NMe2-4)(dppe)Cp*]
+
.
[148]
 Although solutions of [Fe(CCC6H4NMe2-
4)(dppe)Cp*]PF6 ([34]PF6) in CH2Cl2 are relatively stable under argon, when exposed to dry 
oxygen, 34 converts slowly (ca. 90% over 36 hours) to the carbonyl 35, accompanied by the 
formation of bis(4-N,N'-dimethylamino)dibenzyl (36). The reaction is first order in both the alkynyl 
radical and oxygen concentration, obeying a rate law of general form -d[34]/dt = k[34][O2], with 
kapp = 4  10
–3 
M min
–1
. There was no significant acceleration in the rate of carbonyl formation 
upon introduction of water, although higher cumulenylidenes are known to be extremely sensitive 
to reaction with traces of water or other nucleophiles.
[149]
 These results indicate that both the H
•
 
abstraction / vinylidene and direct alkynyl radical hydrolysis pathways are substantially slower than 
the reaction of 34 with O2 as a route to the formation of 35. Indeed, NMR monitoring of the 
reaction failed to identify a vinylidene intermediate. The rate of reaction with O2 is sensitive to the 
nature of the alkynyl ligand substituent, with the nitro-substituted complex [Fe(CCC6H4NO2-
4)(dppe)Cp*]PF6 exhibiting a kapp of 2.1  10
–5 
M min
–1
, consistent with the decreased spin density 
located on the alkynyl ligand (vide infra). A mechanism involving attack of molecular oxygen at the 
alkynyl radical has been proposed (Scheme 19), although formation of an initial Fe(IV) superoxo 
species cannot be unambiguously ruled out. However, it is clear that the combination of steric 
protection of the metal centre and C by the Cp* and dppe ligands, together with the limited 
accumulation of radical character on the alkynyl ligand brought about by the iron centre (vide infra), 
limits both radical coupling and H-atom abstraction pathways, promoting the relatively clean, albeit 
slow, conversion of 34 to the carbonyl complex 35. 
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Scheme 19. Postulated mechanism for O2 induced ‘decomposition’ of the alkynyl radical cation. 
A likely related reaction has been employed in the conversion of alkynyl fragments 
connected to the apical carbon of Co3C clusters of general form Co3(3-CCCR)(CO)7(dppm) to 
acyl groups and CO. Thus, reaction of Co3(3-CCCR)(CO)7(dppm) with [FeCp2]PF6 and O2 gave 
Co3{3-C(=O)R}(CO)7(dppm) clusters as the isolated products in moderate yield. A possible 
mechanism involving metathesis of O2 with the CC radical to give an intermediate -diketone is 
proposed (Scheme 20).
[150]
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Scheme 20. Postulated mechanism by which an acyl-ligand is formed via a -diketonate intermediate on oxidative 
reaction of a 3-alkynyl complex with O2. 
The cationic derivatives [Ru(CC{C=CH2}NR2R')Cl(dppm)2]
+
 (Scheme 21) reported by Winter 
and co-workers exhibit significantly different redox behaviour to that of the neutral Ru(II) 
complexes discussed above.
[151]
 Cyclic voltammograms of these cationic ammonium complexes are, 
generally, typified by a pseudo-reversible oxidation couple in addition to two closely-spaced, 
chemically irreversible reduction processes. Observations from EPR and UV/Vis-NIR-IR 
spectroelectrochemical experiments are consistent with a Ru(II)/Ru(III) redox process defining the 
oxidation couple, in contrast to the ligand-centred oxidation behaviour of most ruthenium alkynyl 
complexes (vide supra), although readily understandable on account of the electron-withdrawing 
character of the ammonium substituent. In contrast, the appearance of a reduction process is 
consistent with substantial cumulenic character in the ligand, consistent with square-wave and 
cyclic voltammetry experiments which demonstrate the irreversible release of a tertiary amine 
fragment from the complex upon electrochemical reduction. Unfortunately, as a consequence of the 
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highly cathodic potential of the reduction process, it was not possible to conclusively validate the 
number of electrons involved in the reduction nor the exact fate of the organometallic fragment. In 
light of the electrochemical behaviour, specifically with respect to the inversion of the ligand/metal 
HOMO/LUMO character, these cationic ammonium alkynyl complexes very closely resemble 
related amino-allenylidene complexes.
[152]
  
 
Scheme 21. Redox chemistry of an unusual/novel cationic alkynyl complex (NR2R' = NEt3, N(nPr)3, quinuclidine, N-
ethyl-morpholine, Me3-tacn, NMe2Bz, NMe2{CH2C6H4OMe-3}, dmap). 
 
Polyynyl derivatives 
In complexes bearing polyynyl ligands it is evident that it should be possible to observe not 
only C–C coupling of the oxidised radical, but in fact coupling reactions at any (all) even-
numbered carbons. Theoretical treatments on the series of complexes [Ru({CC}nPh)(PH3)2Cp]
•+
 
(n = 1 – 6)[153] indicate that the redox-generated radical does remain strongly delocalised across the 
alkynyl ligand with increasing alkynyl chain length, with a decreasing contribution of the metal-
based orbitals with increasing chain lengths. Reactions exploiting the redox non-innocence of the 
polyynyl chain are minimally represented within the literature, yet nevertheless deserve comment. 
The complex [trans-Ru(CCCCR)Cl(dppe)2] (37; R = H or SiMe3) reacts with a half-molar 
equivalent of [FeCp2]PF6 at room temperature to yield the bimetallic cation [{RuCl(dppe)2}2(1,8--
C8H3)] (38, Scheme 22).
[154]
 The bimetallic complex is presumably formed via a [2 + 2] C–C 
cycloaddition reaction between the radical cation and a neutral molecule to form a cyclic radical 
cation, which subsequently abstracts hydrogen from the solvent medium to yield the product cation 
38. 
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Scheme 22. C–C cycloaddition resulting from oxidation of 37 (R = H, SiMe3). 
The delicate interplay between reactivity of the oxidised complex and both the metal head 
group and terminal alkynyl substituent is illustrated in the series of complexes 
[Mo(CCCCR)(LL)(7-C7H7)] (LL = bpy, R = SiMe3; LL = dppe, R = H, SiMe3).
[155]
 The 
complex [Mo(CCCCSiMe3)(bpy)(
7
-C7H7)] is oxidised by [FeCp2]PF6 to form a stable, isolable 
radical cation with EPR spectroscopic experiments consistent with a metal-centred radical 
analogous to related [Mo(X)(bpy)(7-C7H7)]
•+
 complexes. Substitution of the bipyridine ligand for 
a diphosphine, (39), and oxidation under identical conditions, yields the C–C coupled 
bis(alkynylvinylidene) 40, with no evidence of the C–Si bond scission observed for the ruthenium 
analogue discussed above (Scheme 23). The product of oxidation for the desilylated derivative 
[Mo(CCCCH)(dppe)(7-C7H7)] was not readily isolated and, although EPR spectroscopic 
experiments were consistent with a radical delocalised across the diynyl ligand, additional 
spectroscopic data did not support the formation of a coupled product in this latter case. 
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Scheme 23. C–C coupling resulting from oxidation of 39. 
The d
0
 titanocenyl analogue of the 37 and 39, [Nb(5-C5H4SiMe3)2(CCCCSiMe3)2], did 
not exhibit any anodic redox activity (chemically or voltammetrically).
[156]
 In contrast the analogous 
complexes 41, bearing a metallocenyl functionality on the butadiynyl ligand, are oxidised by two 
equivalents of AgPF6 to yield the free titanocenyl derivative 43 and the intramolecularly-coupled 
polyyndiyl metallocenes 42 (Scheme 24).
[157]
 The ruthenocenyl-substituted complexes are slower to 
dimerise than the ferrocenyl derivatives, consistent with decreased spin-delocalisation through to 
the polyynyl chain in the latter case. The role of the titanocenyl moiety in this C–C radical 
coupling reaction is highlighted by the fact that [Fc–(CC)2–Me] reacts with AgPF6 under identical 
conditions to afford the stable, crystalline product [Fc–(CC)2–Me]PF6, readily described as a 
ferrocenyl-centred cation. Overall, oxidation of these titanocenyl derivatives is comparable to a 
‘traditional’ reductive elimination, though unique in the fact that the electron source to generate the 
carbon radical is the pendant metallocene rather than the M–C -bond. 
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Scheme 24. Redox-induced C–C coupling in a titanocenyl system (M = Fe, Ru). 
The difference in reactivity described in the examples above is attributable largely to the 
metal head groups and their relative ability to stabilise the diynyl radical in the cationic complex. 
Substitution of methyl for “[TiCp'2X]” in [Fc–(CC)2–Me] presumably results in increased 
accumulation of spin density in the polyynyl chain at C (C with respect to the ferrocenyl moiety), 
and a subsequent radical coupling reaction assisted by the templating effect of the titanocenyl 
moiety. Not only is the titanocenyl moiety less electron-releasing than the ruthenium and 
molybdenum examples, there is also significantly less steric ‘protection’ of the C site. The 
“[Mo(bpy)(7-C7H7)]” moiety results in a radical that is largely metal-centred whereas the C 
reactivity exhibited by the “[Mo(dppe)(7-C7H7)]” moiety indicates a moderate spin delocalisation 
on to the diynyl ligand. More extensive delocalisation on to the ligand is exemplified by the 
“[RuCl(dppe)2]” moiety where the C reactivity of the ligand is the most remote from metal centre. 
Notably this difference in reactivity may also be attributable to the different steric environments of 
the metal centres, with the C atom “less accessible” in the case of the bis(diphosphine)ruthenium 
complex. However, the concurrent desilylation of the radical cation intermediate, not observed in 
the molybdenum analogue, supports a significantly greater radical delocalisation on to the diynyl 
ligand in the ruthenium complex, and consequently points toward an electronic basis of the 
difference in reactivity exhibited by the oxidised complexes. The greater contribution of electronic 
factors over and above steric considerations is further highlighted in two reactions of 
[Ru(=C=C=C=C=CPh2)Cl(dppe)2]PF6, (44), illustrated in Scheme 25 below.
[98]
 Reaction of the 44 
with hydride yields the neutral allenyl-alkynyl complex 45 through nucleophilic addition at C, 
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whereas reduction to the neutral radical with CoCp2 in the presence of a hydrogen source yields the 
pentadiynyl complex 46 by C–H radical coupling at the terminal carbon atom. Fairly assuming 
identical steric environments in both reactions, the preferential C or C reaction is ready evidence 
for a significant rearrangement of the electronic structure throughout the C5Ph2 ligand between the 
cationic and reduced cumulenic forms. 
  
Scheme 25. Selected reactions of the pentatetraenylidene complex. 
Chemical reactions of -alkynyl complexes with ‘redox-active’ ligand substituents 
In addition to the complexes discussed above, particular attention is warranted for those 
complexes bearing ligand functionalities that may explicitly be considered “redox-active”. Careful 
selection/matching of the metal head group and redox-active moiety can consequently allow for the 
specific design of complexes in which either of the electrophores dominates the properties of the 
redox-generated species. For example, complexes functionalised with tetrathiafulvalenyl
[158]-[160]
 or 
(metallated) pyridyl
[117][142][161]-[165]
 derivatives exhibit minimal electronic coupling between the two 
moieties, with the redox-active functionality generally dominating the redox-generated state. 
However, moderation of the spin-density or charge distribution in such systems has most notably 
and extensively been explored via functionalisation with a ferrocenyl moiety.
[166]-[186]
 In the most 
fundamental illustration of this premise one may consider the complex [Ru(CCFc)(PPh3)2Cp]
•+
 
(Scheme 26).
[187][188]
 Whereas the phenylethynylene complex [Ru(CCPh)(PPh3)2Cp]
•+
 is highly 
unstable and rapidly undergoes various intermolecular reactions, the ferrocenylethynylene complex 
is remarkably stable under ambient conditions to the point where [Ru(CCFc)(PPh3)2Cp]PF6, 48, 
has been characterised by a single-crystal X-ray structural determination. The solid-state structure, 
in combination with NMR, Mössbauer, UV/Vis-NIR and infrared spectroscopic data, indicate that 
the radical cation is best represented by a delocalised structure, with neither an alkynyl nor 
cumulenylidene structure dominating the geometric and electronic character. Chemical oxidation of 
[Ru(CCFc)(dppf)Cp] and [Ru(CCFc)(PPh3)2Cp*] also yields stable, isolable radical cations with 
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spectroscopic features similarly consistent with the above observations. Chemical oxidation of the 
dppe-ligated congeners of these latter two complexes yielded only unstable, impure mixtures of 
oxidised material,
[187]
 although low-temperature spectroelectrochemical experiments were able to 
satisfactorily characterise the oxidation products to be consistent with the above descriptions.
[188]
 
The underlying causes resulting in the relative instability of the dppe-ligated complexes was not 
readily apparent from experimental data, though the source of the difference is presumably 
electronic in nature. 
 
Scheme 26. Formation of the stable ruthenium/ferrocenyl radical cation. 
A series of substituted ruthenocenyl derivatives ably demonstrate the further influence of both 
electronic and steric factors on the redox reactivity of metallocenyl-functionalised alkynyl 
complexes (Scheme 27). Oxidation of [Ru(CCRc)(PPh3)2Cp] (49) with AgBF4 or p-BQ/BF3•OEt2 
(p-BQ = para-benzoquinone) yields a diamagnetic 16e
–
 dication [49]
2+
, for which spectroscopic 
parameters are consistent with a cumulenylidene/fulvalenyl structural description, although full 
characterisation was precluded by inherent instability of the complex.
[189]
 Permethylation of either 
cyclopentadienyl ring of the ruthenocenyl moiety results in the observation of markedly different 
reactivity in the oxidised complexes. Oxidation of 50 with excess p-BQ/BF3•OEt2 yields a 16e
–
 
dication, [50]
2+
, with spectroscopic data comparable to that obtained for [49]
2+
 above, though with 
markedly increased stability. A single-crystal X-ray structural determination of the 2e
–
 oxidised 
dppe-ligated congener shows the structure to be a cumulenylidene/fulvalenyl structure, in which the 
ruthenocenyl ruthenium atom is bound in a novel 6-fashion to the C5Me4 ring and C cumulenic 
atom of a bent C3 chain bridging to the alkynyl ruthenium atom.
[190]
 In contrast, on permethylation 
of the alternate cyclopentadienyl ring, one- or two-electron oxidation of 51 yields the vinylidene 
cations [51]
+
 and [51]
2+
 respectively. In contrast to a solvent-donated hydrogen-abstraction 
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mechanism in the case of [51]
+
, selective deuteration experiments are consistent with an 
intramolecular hydrogen abstraction in the formation of the dicationic vinylidene [51]
2+
.
[189]
 
 
Scheme 27. Various oxidation pathways of the ruthenocenyl-substituted complexes (R = H, Me; p-BQ = para-
benzoquinone). 
The photochromic properties of the dithienylethene (DTE) derivative in complexes 52-54 in 
Scheme 28 below are maintained on incorporation into the bimetallic organometallic framework; 
through selective irradiation the DTE moiety may undergo a reversible intramolecular ring-closing 
(opening) reaction at the -thienyl position. However, in addition to the photochromic switching 
behaviour exhibited by organic DTE derivatives, some metallated analogues are also susceptible to 
electrochromic switching behaviour. Two-electron oxidation of [52-O] with [FeCp2]PF6 results in 
the formation of a dicationic diradical intermediate that undergoes a photochromic ring-closing on 
UV-irradiation (in addition to significant decomposition), and subsequent 2e
–
-reduction with CoCp2 
yields the ring-closed isomer [52-C].
[191]
 The reverse reaction, conversion of [52-C] to [52-O], is 
more facile, with isomerism of the oxidised [52-C]
2+
 state induced either thermally or by visible-
light irradiation. Oxidation of the ruthenium analogue [53-O] results in spontaneous ring-closing to 
yield the [53-C]
2+
, which is similarly reduced to form neutral [53-C].
[192]
 In this instance the 
cumulenic dication [53-C]
2+
 is so stable that the retro-conversion of [53-C] to [53-O] was not 
possible. In contrast, extension of the alkynyl ruthenium path in complex 54 does allow fully 
reversible electrochemical interconversion between the isomers.
[193]
 Electronic structure 
calculations performed on model systems of [52-O]
n+
 and [53-O]
n+
 (n = 0, 2) indicate that the 
different susceptibility to isomerisation of the oxidised complexes is again attributable to spin 
density localisation: the ruthenium complex is calculated to have more than twice as much spin 
density localised on the conjugated ligand than the iron analogue, and thus the – thienyl coupling 
to form the closed isomer is a favourable process. This behaviour is consistent with that of the 
simpler alkynyl complexes M(CCPh)(dppe)Cp*, which on oxidation can be described in terms of 
an essentially M(III), chemically stable species (M = Fe) or a much more reactive phenylethynylene 
Ru C C
PPh3
Ph3P Ru
R
R
R R
Ru C C
PPh3
Ph3P Ru
Ru C C
PPh3
Ph3P
Ru
H
Ru C C
PPh3
Ph3P
Ru
H
2++
Ru C C
PPh3
Ph3P Ru
R
R
R R
2+
R = H; (49)
R= Me; (50)
2 p-BQ
BF3•OEt2
CH2Cl2
-78°C
[FeCp2]PF6
CH2Cl2 / PhH
2 p-BQ
BF3•OEt2
CH2Cl2
-78°C
(51)[51]+ [51]2+
R = H; [49]2+
R= Me; [50]2+
 33 
radical (M = Ru) (vide supra). Extension of this notion to the ruthenium phenylenediynyl derivative 
54 yields the plausible conclusion that the spin density at the relevant -thienyl atoms of the DTE 
moiety is intermediate between that observed in 52/53, as a consequence of the larger delocalised -
system, and thus the relative stabilities of the closed form over the open form is not as significant, 
thereby rendering the isomerisation reversible. 
 
Scheme 28. Electrochromic behaviour observable in the DTE derivatives [52] – [54]. 
 
The thienyl moiety is inherently susceptible to oxidative coupling reactions, particularly at the 
-position, resulting in the formation of dimeric, oligomeric or polymeric products dependant upon 
additional substituents of the thienyl ring and the specific reaction conditions. Such oxidative 
coupling reactions have been observed in organometallic complexes incorporating the thienyl 
moiety, as illustrated by the series of complexes [FcCC(2,5-thienyl)mH] (m = 1 – 3) (Figure 2).
[194]
 
Cyclic voltammograms of the complexes exhibit two anodic redox processes: an initial ferrocenyl-
based oxidation followed by irreversible oxidation of the thienyl moiety. Repeated electrochemical 
cycling at potentials sufficient to oxidise the thienyl moiety of the bi- and terthienyl complexes 
results in the deposition of conducting films exhibiting properties consistent with dimerisation of 
the parent complex. However, as the films formed by this electrochemical process are not 
particularly stable, it was not possible to completely characterise the electro-generated products. 
Analogous electrochemical oxidative oligo- and polymerisation has also been postulated in the case 
of the related bis alkynyl complexes [Ru(CC{2,5-thienyl}nH)2(dppe)2] (n = 2, 3),
[195]
 and the 
allenylidene complexes [Ru(=C=C=CR2)Cl(PP)2]
+
 (PP = dppm, dppe; R2 = (-thienyl)2, 
cyclopentadithiophene) and [Ru(=C=C=C{-thienyl}2)(dppe)Cp]PF6 (Figure 2).
[196]
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Figure 2. Thienyl functionalised organometallic complexes exhibiting evidence of electro-polymerisation. 
 
One particularly interesting example of structural rearrangement induced by redox reactions is 
depicted below in Scheme 29 wherein the isomer 55a is thermally stable under ambient conditions 
and does not undergo haptotropic rearrangement to 55b. However, upon oxidation and subsequent 
re-reduction, isomeric mixtures of 55a/55b are isolated. The isomerisation process appears 
cumulative, whereby subjecting 55a to two successive oxidation/reduction cycles doubles the a:b 
ration to 88:12. The exact nature and underlying factors affecting the rearrangement are not 
immediately evident.
[197]
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Scheme 29. Haptotropic rearrangement of 55 on oxidation and re-reduction. 
 
The electronic basis for ligand redox non-innocence in -alkynyl complexes 
Electronic structure calculations have been used to rationalise some of the more recent 
observations concerning the redox-non-innocent character of -alkynyl and polyynyl ligands, 
particularly for complexes based on piano-stool fragments M(L2)Cp' [M = Fe, L2 = (dppe), Cp' = 
Cp*;
[13][14][17]
 M = Ru, L2 = (PPh3)2, dppe, Cp' = Cp, Cp*],
[10][18][32][128][153]
 Mo(CO)L2Cp' [L2 = 
(PMe3)2, dppe; Cp' = Cp, Cp*],
[198]
 M(dppe)(7-C7H7) [M = Mo,
[20][21]
 W
[19]
] and the octahedral 
moiety trans-RuCl(dppe)2.
[12][32]
 Many aspects of the computational rationalisation of ligand non-
innocence have recently been recently reviewed by Costuas and Rigaut,
[34]
 and so only key points 
will be emphasised here. The Ru(L2)Cp'-based complexes provide a convenient starting point for 
descriptions of the electronic structure of -alkynyl complexes, with numerous detailed studies and 
different computational treatments leading to essentially the same qualitative picture.
[10][18][128][153]
 
In brief, the strongest interaction between the ruthenium and alkynyl fragments occurs between the 
alkynyl HOMO, a -type lone-pair orbital at C, and the dz2 orbital at ruthenium. This interaction 
forms a strong bonding/anti-bonding pair, of which only the bonding-combination is occupied, and 
results in the formal Ru–C single-bond. The lowest- and highest-energy ruthenium orbitals, dx2-y2 
and dxy respectively, do not have appropriate symmetry to interact with the alkynyl fragment and 
thus remain largely non-bonding. Finally, the dxz and dyz orbitals combine with a pair of C(p) 
orbitals of the alkynyl fragment to form a filled bonding and anti-bonding set, the anti-bonding set 
becoming the two highest-lying occupied molecular orbitals (Figure 3).
[32][153]
 Thus the orthogonal 
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HOMO and [HOMO-1] are an admixture of the alkynyl -system and ruthenium d-orbitals, whilst 
the LUMO and [LUMO+1] are predominantly metal or alkynyl * in character depending on the 
nature of the alkynyl substituent and the level of theory employed in the calculations. In general, the 
ligand * character of the LUMO is enhanced by larger aromatic substituents, such as 9-
anthracenyl,
[18]
 elongated conjugated alkynyl ligands, such as polyynyl
[153]
 and oligo(phenylene-
ethynylene)
[141]
 derivatives, or phenylene rings bearing strong electron-withdrawing groups. It 
should be noted that in the case of arylalkynyl (CCAr) complexes, the composition and energy of 
the occupied frontier orbitals across the Ru–CC–Ar fragment is sensitive to the orientation of the 
phenyl group with respect to the Ru(PPh3)2Cp fragment, and that the contribution of the arylalkynyl 
ligand to these critical occupied orbitals can also be tuned by the introduction of electron-donating 
or withdrawing moieties,
[32][153]
 or by varying the size or conjugation length of the aromatic 
substituent.
[14][141][153]
 
 
Figure 3. MO diagram for select ruthenium acetylide complexes. 
On oxidation the complex exhibits a net decrease in alkynyl -bonding character, shifting 
toward the partial evolution of cumulenic character on the basis of geometric parameters and 
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frequency calculations. The frontier orbitals of the cation remain largely similar to the neutral 
complex, with the -HOSO and -LUSO displaying significant Ru(d) and alkynyl() character. In 
the case of Ru(CCPh)(dppe)Cp* / Ru(CCPh)(PPh3)2Cp, computed spin-densities at various 
levels of theory and from different model systems situate the unpaired spin approximately 
40:30:25% across the Ru/CC/Ph moieties, with the C atom of the ethynylene moiety and the 
carbon para to the ethynylene moiety accepting the major contributions in the latter two 
cases.
[18][128][153]
 Low temperature ESR experiments
[10]
 imply the radical to be largely metal-centred, 
exhibiting a single rhombic signal devoid of any hyperfine splitting, although the kinetic instability 
of the radical on warming to room temperature, in addition to the reactivity described above, lend 
some weight to the calculated distribution across the phenylethynylene moiety. The electronic 
structures of trans-Ru(CCC6H4R)Cl(dppe)2 complexes are similar, with the HOMOs distributed 
over the Ru–CC–C6H4R moiety, the precise weightings of which are sensitive to both the 
orientation of the aryl ring and the nature of the R-substituent.
[12][32]
 The significant concentration of 
spin density of the alkynyl C carbon and Cortho and Cpara phenylene ring carbons is consistent with 
the C–C coupling observed in the case of sterically unstrained Ru-alkynyl complexes, affording 
bis(vinylidene) complexes
[125][135]
 and the variation in the position of coupling following oxidation 
of Ru(CCPh)(PPh3)2Cp and Ru(CCC6H4Me-4)(PPh3)2Cp.
[128]
 
Again, using the RuL2Cp fragment as a tool for discussion, as the -alkynyl ligand is 
extended the polyynyl ligand becomes increasingly heavily weighted in the both the HOMO of the 
closed shell complexes and the semi-occupied orbital of the one-electron-oxidised derivatives.
[153]
 
The spin density is distributed along the polyynyl chain, but particularly concentrated on the C, 
C –C coupling reactions 
following oxidation of trans-[Ru(CCCCSiMe3)Cl(dppe)2], to give the C8H3 bridged species 38 
(Scheme 22).
[34][154]
 
In contrast, the iron complexes Fe(CCR)(dppe)Cp*, although offering largely the same 
qualitative metal-alkynyl interactions as noted for ruthenium analogues,
[160]
 exhibit more metal 
character in the frontier orbitals, a feature reflected in the generally greater environmental stability 
of the analogous Fe(III) complexes [Fe(CCC6H4R)(dppe)Cp*]
+
 
[13][14][16][17]
 and related systems.
[11]
 
In turn, this sensitivity of metal : alkynyl ligand contribution to the alkynyl-ligand substituent is 
consistent with the facile formation of [Fe(CO)(dppe)Cp*]
+
 from Fe(CCC6H4NMe2-4)(dppe)Cp* 
upon oxidation (vide supra). The sensitivity of the distribution of radical character between metal, 
CC and substituent groups is further illustrated by the rather extensive delocalisation of charge in 
the radical cation [Fe(CCTTFMe3)(dppe)Cp*]
+
, which features the strongly electron donating TTF 
moiety.
[160]
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 The composition of the frontier orbitals is also sensitive to the nature of the supporting 
ligands. A combination of photoelectron spectroscopy and Fenske-Hall calculations have shown a 
significant mixing of the metal and alkynyl -orbitals in Fe(CCR)(CO)2Cp (R = H, tBu, Ph) 
systems, brought about by the lowering of the metal d-orbitals by the ancillary carbonyl ligands. 
Substitution of Cp for the more electron-donating Cp* decreases the d- interaction.[199] Extension 
of the alkynyl ligand to butadiynyl (CCCCH) also serves to enhance the ligand character in the 
Fe(CCCCH)(CO)2Cp by better matching of the lower lying butadiynyl -system with the 
Fe(CO)2Cp metal-based orbitals.
[200]
 The ordering of the critical metal orbitals can also be 
influenced by the nature of the supporting ligands, as illustrated by the rather more metal-localised 
frontier orbitals associated with [M(CCR)(dppe)(7-C7H7)]
n+
 (n = 0, 1; M = Mo, W) 
complexes.
[19]-[21]
 The C7H7 ring promotes strong - and -interactions with four of the five metal d-
orbitals, with dz2 being somewhat destabilised by repulsive interactions with the C7H7 a1 type 
orbital (Figure 4). As a consequence, the interactions between the Group 6 metal centre and the 
alkynyl ligand in the frontier orbital region are rather restricted due to the poor spatial overlap of the 
high-lying dz2 and the alkynyl -system, evidenced by the small shifts in the (CC) frequency as a 
function of molecular oxidation state. Nevertheless, sufficient spin density is associated with the 
alkynyl ligand in [M(CCR)(dppe)(7-C7H7)]
+
 systems to give rise to hyperfine couplings to the 
alkynyl substituent R in both alkynyl
[19]-[21][201]
 and polyynyl
[155]
 systems, as well as C–C 
coupling processes in the least sterically encumbered derivatives.
[113][138][155]
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Figure 4. A schematic representation of the orbital interactions and ordering in the Mo(7-C7H7)L3 fragment, 
highlighting the dz2 character of the highest lying occupied molecular orbital. 
 
In the case of four legged piano-stool structures, such as trans-Mo(CCR)(CO)(PMe3)2Cp' and cis-
Mo(CCR)(CO)(dppe)Cp' (Cp' = Cp, Cp*) (Figure 5), there are important differences in the nature 
of the frontier orbitals brought about by the position of the carbonyl ligand and the requirement of 
the system to maximise back-bonding and minimise the overall energy. These orbital characteristics 
are preserved on one-electron oxidation and account for the different degree to which the metal 
centre and alkynyl ligand support the unpaired electron.
[198]
 In the case of the trans-system, the 
four-legged piano stool structure favours -bonding interactions between the metal (dyz, dxz) and the 
e1-orbitals of the Cp ligand, whilst strong back-bonding interactions between the carbonyl ligand 
with the remaining d-orbital of -type symmetry (dxy) leads to dz2 character in the HOMO in this 
case. Consequently, trans-Mo(CCR)(CO)(PMe3)2Cp' complexes display similar metal-localised 
redox chemistry as the Mo(CCR)(dppe)(7-C7H7) systems, albeit for subtly difference reasons. 
The electronic structure of the cis-complexes can be considered as a perturbation of that described 
for the trans-case. Keeping a common coordinate system (z-oriented towards the centroid of the Cp 
ligand) for ease of discussion, HOMO is dxy-alkynyl  in character, unconstrained by either 
symmetry or competition from the strongly electron withdrawing CO ligand. The lowering of 
symmetry from pseudo-C4v towards C2v permits a significant degree of re-hybridisation of dz2 and 
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dx2-y2 which hampers a simple description, but the key feature is the stabilisation of the resulting ‘on 
–axis’ components by interaction with the carbonyl and alkynyl ligands. The consequence of 
greater alkynyl character in supporting the unpaired electron on oxidation is evidenced not only by 
computational studies of the precursor closed shell derivatives (trans-Mo(CCPh)(CO)(PH3)2Cp: 
59% Mo, 16% CO, 12% C; cis-Mo(CCPh)(CO)(dHpe)Cp: 34% Mo, 4% CO, 51% CCPh) but 
also by the relative magnitudes of the shifts in the (CO) and (CC) frequencies on oxidation 
trans-Mo(CCR)(CO)(PMe3)2Cp*]
0/+
 (CO) ca. +155 cm–1, (CC) ca. –10 cm–1; [cis-
Mo(CCR)(CO)(dppe)Cp*]0/+ (CO) ca. +140 cm–1, (CC) ca. –50 cm–1.) as well as EPR 
data.
[198]
 
 
 
 
Figure 5. The complexes trans-Mo(CCR)(CO)(PMe3)2Cp' and cis-
Mo(CCR)(CO)(dppe)Cp', illustrated for the case Cp' = Cp.  
 
Conclusions 
The radicals derived from one-electron oxidation or reduction of metal -alkynyl complexes 
exhibit tuneable electronic structures, with the unpaired electron localised across the extremes of 
largely metal to largely alkynyl ligand centred by variation of the metal, supporting ligands and 
alkynyl ligand substituent. The systems that display ligand redox non-innocence open a range of 
chemical reactions, which have principally been exploited as tools for the preparation of larger or 
more diverse ligand systems through C–C bond forming reactions and H-atom abstraction. In 
addition to providing routes to new ligand structures, the capacity for ligand redox non-innocence in 
metal -alkynyl complexes present a particular challenge for the description of the results of 
electrochemical measurements alone in terms of metal centred processes. All told, these chemical 
transformations of the alkynyl ligand upon redox reaction serve to emphasise the need for a 
combination of spectroscopic methods, usually supported by computational studies, to be employed 
to determine electronic structure in metal -alkynyl complexes. 
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Text: 
Transition metal -alkynyl complexes are valuable functional materials that have found application 
as structural units in the assembly of polymetallic arrays and large molecular structures, reagents for 
the transfer, oligomerisation, or functionalisation of alkynes, magnetic or optical materials and 
putative components for use in a future molecular-based electronics platform. Many -alkynyl 
complexes are redox active, undergoing facile oxidation (reduction) at moderate potentials to 
generate radical cations (anions) in which the charge and spin density can be tuned from being 
largely metal-centred to alkynyl-ligand centred by variation in the nature of the metal, supporting 
ligands and alkynyl substituents. This review summarises the diverse chemical behaviour of metal-
supported -alkynyl radicals, and some selected closely related systems, which can often be 
rationalised in terms of the distribution of electron spin density over the metal-alkynyl scaffold. 
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